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Introduction
The goals of surgical treatment for lumbar spinal stenosis
include relief of leg and back pain. Although decompres-
sion is a standard treatment regimen for the surgical treat-
ment of lumbar spinal stenosis, additional fusion after
extensive decompression can be required in many cases. In
particular, an extensive facetectomy is needed for decom-
pression of the foraminal stenosis in many cases. Thus, for
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S St tu ud dy y D De es si ig gn n:: This is a prospective study.
P Pu ur rp po os se e:: We compared the outcomes of segmental decompression and wide decompression in patients who had multilevel
lumbar foraminal stenosis with back pain.
O Ov ve er rv vi ie ew w o of f L Li it te er ra at tu ur re e:: Wide decompression and fusion in patients with multilevel lumbar foraminal stenosis may increase
the risk of perioperative complications. 
M Me et th ho od ds s:: From March 2005 to December 2007, this study prospectively examined 87 patients with multilevel lumbar
foraminal stenosis and who were treated by segmental or wide decompression along with posterior fusion using pedicle
screw fixation, and these patients could be followed-up for a minimum of 2 years. Of the 87 patients, 45 and 42 patients
were assigned to the segmental decompression group (group 1) and the wide decompression group (group 2), respectively. We
compared the clinical and radiological outcomes of the patients in these two groups. 
R Re es su ul lt ts s:: There were no significant differences between groups 1 and 2 in terms of the levels of postoperative pain based on
the visual analogue scale, the Oswestry Disability Score, the clinical results based on the Kirkaldy-Willis Criteria, the com-
plication rate or the posterior fusion rate. On the other hand, the mean operating times in groups 1 and 2 were 153 ± 32
minutes and 187 ± 36 minutes, respectively (p < 0.05). The amount of blood loss during surgery and on the first postopera-
tive day was 840 ± 236 ml and 1,040 ± 301 ml in groups 1 and 2, respectively (p < 0.05). 
C Co on nc cl lu us si io on ns s:: These results suggest that segmental decompression offers promising and reproducible clinical and radiological
results for patients suffering from multilevel lumbar foraminal stenosis. 
Key W Words: Multilevel lumbar foraminal stenosis, Segmental decompression, Wide decompressioncases of lumbar foraminal stenosis, a combination of neural
decompression and spinal fusion can be performed to
achieve the goals of surgical treatment. However, these
surgeries are accompanied by substantial complications in
patients with multilevel lumbar foraminal stenosis [1,2].
Lumbar spinal stenosis is usually encountered in the
elderly population. Elderly patients often have medical co-
morbidities. Old age and co-morbidities are associated with
a higher complication rate [1,3,4], and these higher compli-
cation rates make it difficult for surgeons to select an appro-
priate surgical procedure for multilevel lumbar spinal steno-
sis.
Several surgical options have been performed in patients
with spinal stenosis [5-12]. Although decompression
surgery is essential for treating the symptoms of neurogenic
claudication in patients with spinal stenosis, it is difficult to
reduce back pain by decompression without fusion surgery
in patients who have multilevel foraminal stenosis with
back pain. However, in patients with multilevel lumbar
foraminal stenosis, wide decompression and fusion may
increase the risk of perioperative complications such as
blood loss, infection and a prolonged operation time. There-
fore, we attempted segmental decompression and fusion in
patients who had multilevel lumbar foraminal stenosis with
back pain and we compared the outcomes of segmental
decompression and wide decompression. 
Materials and Methods
From March 2005 to December 2007, we prospectively
examined a total of 100 patients who had multilevel lumbar
foraminal stenosis (more than 1 level) and back pain, and
these patients were treated by segmental or wide decom-
pression along with multilevel posterolateral fusion using
pedicle screw fixation. Thirteen patients were lost to fol-
low-up and so they were excluded. In total, 87 patients with
a minimum follow-up of 2 years were enrolled in this study.
The inclusion criteria were disabling back and leg pain with
neurological symptoms that were refractory to at least 6
months of conservative treatment, and a moderate-to-severe
degree of central and foraminal stenosis at multiple levels
according to magnetic resonance imaging. The exclusion
criteria were a spinal fracture, infection, tumor, revision, the
possibility of secondary gains from surgical fusion or lytic
spondylolisthesis. The litigious cases, i.e., traffic accidents
and worker’s compensation, were also excluded.
The patients were randomly assigned to 2 treatment
groups using precoded sealed envelopes containing serial
numbers ranging from 1 to 100. The envelopes were not
opened until the first incision. The patients with odd and
even serial numbers were placed in groups 1 and 2, respec-
tively. Of the 87 patients, 45 and 42 patients were assigned
to the segmental decompression group (group 1) and the
wide decompression group (group 2), respectively. All 87
patients showed back and leg pain. Associated chronic med-
ical illness was present in 21 and 20 patients in groups 1
and 2, respectively. The patients’age, gender distribution,
surgery level, smoking status, and associated medical ill-
nesses were similar in the two groups (Table 1). 
1. Surgical techniques 
One surgeon performed all the operations using two oper-
ative techniques. The group 1 patients were treated by seg-
mental decompression, including partial laminectomy (a
cutting edge was used to remove the inferior 1/3 laminae at
the superior level of the decompression and the superior 1/3
laminae at the inferior level of the decompression. For mul-
tilevel decompression, the mid 1/3 lamina was always pre-
served, total facetectomy and foraminotomy in the stenotic
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Table 1. Details of the patients 
Group 1 Group 2 p-value
Age (yr)  57.9 ± 6.1 59.7 ± 5.2 0.1601
Female/Male 35/10 32/10 0.9369
Surgery levels  2 (22), 3 (16), 4 (7) 2 (21), 3 (15), 4 (6) 0.9856
Patients who smoke  8 7 0.8832
Medical illness 0.8997
Patients with cardiovascular  13 14
Patients with diabetes  06 05
Patients with other  02 01
There were no significant differences between the groups, as calculated using the t- and χ
2 tests.areas (Fig. 1). The group 2 patients were treated by wide
decompression, including total laminectomy, total facetec-
tomy and foraminotomy in the stenotic areas. All the
patients underwent instrumented fusion surgery using pedi-
cle screw/rod instrumentation. Concomitant posterolateral
fusion was performed in all the patients. Allogenous cancel-
lous bone and local bone from the lamina, spinous process
and facet were used in both groups. All the patients were
ambulated in a few days, with being protected by a low pro-
file thoracic lumbar sacral orthosis (TLSO), for an early
return to the activities of daily living. The TLSO was worn
for 3 months after surgery.
2. Clinical assessment 
The clinical outcomes were evaluated according to the
improvement of back and leg pain, the disability and the
overall clinical results. Back and leg pain was measured
using a 10-point visual analog scale before surgery, postop-
eratively at 6 months and at the first and second postopera-
tive year. Disability was assessed using the Oswestry Dis-
ability Questionnaire [13] before surgery and at the first and
second postoperative year. The overall clinical evaluation
was done based on the Kirkaldy-Willis criteria [14] at the
first and second postoperative year. In addition, the operat-
ing time, the amount of blood loss during surgery and on
the first postoperative day, and the incidence of complica-
tions were examined. 
Complications were defined as any event requiring spe-
cific treatment. The complications were categorized as early
perioperative (< 3 months after surgery) or late complica-
tions and as major or minor complications. Major complica-
tions were defined as conditions that adversely affected the
recovery of the patient. A minor complication was defined
as one that did not affect the patient’s recovery. Major com-
plications included pulmonary embolism, respiratory dis-
tress, epidural hematoma, postoperative infection, and neu-
rologic deficits. Minor complications included urinary tract
infection, ileus, and transient delirium.
The patients who exhibited symptomatic adjacent seg-
ment disease were categorized as having adjacent segment
disease. The patients who demonstrated radiographic abnor-
malities without symptoms were excluded. Symptomatic
adjacent segment disease was defined as the redevelopment
of low back pain and/or radiating pain to the legs and this
persisted for more than 6 weeks despite conservative treat-
ment.
3. Radiographic assessment
Posterior fusion grading (A to D, with A noting solid
bilateral fusion and D noting the absence of fusion) was
performed using the latest anteroposterior radiograph, as
described by Lenke et al. [15]. Posterior pseudarthrosis was
defined as the presence of a grade C or D. 
4. Statistics
All the data was examined using the SPSS ver. 11.0
(SPSS Inc., Chicago, IL, USA). For the noncontinuous vari-
ables, a chi-square test was used to calculate the statistical
significance. Repeated ANOVA tests were used to examine
the statistical significance within each group. Student’s t-
tests and chi-square tests were used to determine the statisti-
cal significance between the groups. A p-value < 0.05 was
considered significant.
Results
1. Clinical results
Both groups showed significant reductions in their low
back and leg pain (p < 0.001). There were no significant
differences between the two groups (p > 0.05). Both groups
showed similar improvement of the Oswestry Disability
Score (p > 0.05) (Table 2). According to the overall clinical
results based on the Kirkaldy-Willis criteria, 82.2% and
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Fig. 1. The intraoperative photograph and schematic drawing
show the segmental decompression in a patient with L3-5
spinal stenosis.84.4% of the group 1 patients showed good or excellent
results at the first and second postoperative year, respective-
ly. The corresponding figures in group 2 were 78.6% and
76.2%, respectively (Table 3).
The postoperative complications are summarized in Table
4. There were 6 early and 7 late complications in group 1,
and 8 early and 8 late complications in group 2. One super-
ficial infection (group 1) was treated by dressing change
and 1 postoperative deep infection (group 2) was treated
with incision and drainage and antibiotics. The transient
nerve palsies, which occurred in 1 (group 1) and 2 patients
(group 2), were improved spontaneously during the follow-
up. A surgery for hematoma evacuation was needed in 1
patient (group 2) with postoperative cauda equine syn-
drome. His symptoms were improved by 2 years after oper-
ation. The rate of developing early complications was not
found to be related with age, the operative time, the amount
of blood loss, the number of fusion levels and the number of
medical comorbidities in either study group.
Adjacent segment disease developed at the proximal seg-
ments in 2 patients (one in group 1 and 1 in group 2), but
they refused revision surgery. No revision surgery for adja-
cent segment disease was performed in either of the 2
groups.
The mean operating times were 153 ± 32 minutes and
187 ± 36 minutes in groups 1 and 2, respectively. The dif-
ference in the mean operating time was significant (p <
0.05). The amount of blood loss during surgery and on the
first postoperative day in groups 1 and 2 was 840 ± 236 ml
and 1,040 ± 301 ml, respectively. The difference between
the 2 groups was significant (p < 0.05). 
The rates of complaints about a palpable spinous process
in the upper instrumented spinal level were 0% (0/45) in
group 1 and 29% (12/42) in group 2. The difference
between the 2 groups was significant (p < 0.05).
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Table 2. Pain and disability scores during follow-up 
Group 1 Group 2 p-value
Pain 
Preoperative 7.0 ± 1.1 7.0 ± 1.3 0.9374
6 mon 1.3 ± 1.1 1.6 ± 1.6 0.2338
1 yr 1.5 ± 1.0 1.7 ± 1.4 0.2811
2 yr 1.7 ± 1.2 1.9 ± 1.5 0.2945
Oswestry 
Preoperative 065 ± 12.2 067 ± 11.9 0.4315
1 yr 25 ± 8.2 026 ± 11.5 0.3571
2 yr 25 ± 8.7 027 ± 8.40 0.2727
The level of pain was measured using a 10-point visual analog
scale (VAS), and functional disability was assessed with the
Oswestry Disability Questionnaire. The VAS score ranged
from 0 to 10 (maximum pain), and the Oswestry score ranged
from 0 to 100 (maximum severity). Repeated ANOVA was
used to calculate the differences within each group during the
follow-up. Significant differences between the preoperative
and postoperative scores were found in each group (p < 0.05).
A t-test was used to calculate the differences between the
groups. No significant differences were found between the
groups.
Table 3. Patient overall ratings of results using Kirkaldy-Willis
criteria 
No. at 1 yr No. at 2 yr 
postoperatively (%) postoperatively (%)
Group 1
Successful
Excellent 09 (20) 10 (22)
Good 28 (62) 28 (62)
Unsuccessful
Fair  08 (18) 06 (13)
Poor 0 (0) 1 (2)
Group 2
Successful
Excellent 08 (19) 06 (14)
Good 25 (60) 26 (62)
Unsuccessful
Fair  08 (19) 09 (21)
Poor 1 (2) 1 (2)
p-value 0.7707 0.6655
There were no significant differences between the groups, as
calculated using the χ
2 test.
Table 4. Complications 
Complication Group 1  Group 2 
Early perioperative complications
Pulmonary embolism 0 0
Ileus 2 3
Urinary tract infection 1 0
Transient delirium 1 1
Epidural hematoma 0 1
Wound infection 1 1
Respiratory distress syndrome 0 0
Neurologic deficit 1 2
Major complication 2 4
Minor complication 4 4
Late complications
Pseudarthrosis 6 7
Adjacent segment disease 1 12. Radiological results
In group 1, the posterior fusion rate was 80% and 87% in
the first and second postoperative year, respectively. The
corresponding figures in group 2 were 79% and 83%,
respectively. The posterior fusion rates of the 2 groups were
similar (p > 0.05) (Table 5).
Discussion
Lumbar spinal stenosis is the most common indication for
spinal surgery in the old age population. The aim of the
treatment is the decompression of neural structures that are
mechanically compressed by the degenerative tissues that
form in the spinal canal and the intervertebral foramina. 
Several surgical options are available to treat spinal
stenosis, but wide decompressive laminectomy is most
often used to decompress neural structures. To avoid desta-
bilization of the spinal column postoperatively, alternative
decompression techniques have been established to main-
tain the posterior bony and ligamentous elements. These
techniques include selective single laminotomy, multiple
unilateral or bilateral laminotomy, multilevel partial
laminectomy and lumbar laminoplasty [7,8,10]. Although
the goal of treatment of spinal stenosis is to decompress the
affected neural structure, it is difficult to reduce back pain
and neurological symptoms by decompression without per-
forming fusion surgery in the patients who have multilevel
foramianl steonosis with back pain. In many cases in whom
the stenotic area is extensive or it extends to the interverte-
bral foramen or its lateral side, a complete decompression
can not be obtained without sacrificing of the facet joint.
Furthermore, bony fusion would yield a better treatment
outcome for the cases with concurrent instability or poten-
tial discogenic back pain. For the cases of severe spinal
stenosis involving the intervertebral foramen, minimally
invasive spinal surgery cannot achieve complete decom-
pression due to the restricted extent of the surgical vision.
In addition, the problem of bone re-growth with clinically
significant recurrent stenosis is more common when
restricted bone removal techniques have been employed
[16]. Although the efficacy of fusion in degenerative dis-
ease remains controversial, several studies have recom-
mended instrumentation to improve the fusion rate and the
long-term clinical outcome [3,17]. Furthermore, spinal
fusion may prevent recurrent stenosis. In this study, the
fusion rates and clinical results of segmental decompression
with posterolateral fusion were similar to those of wide
decompression. No case of recurrent stenosis was encoun-
tered in either group, which suggests that segmental decom-
pression with posterolateral fusion could be one of the treat-
ment options for multilevel foraminal stenosis patients with
back pain and that stabilization of the decompressed spine
segment might prevent recurrent stenosis.
Several studies have assessed the risk of complications
occurring in elderly patients after spinal surgery [18-21].
The complication rates are generally known to be correlated
with age, the presence of a medical comorbidity, increased
blood loss and the number of levels fused. Carreon et al. [1]
concluded that elderly patients were at an increased risk of
developing surgery-related complications and Deyo et al.
[19] found that the morbidity and mortality rates increased
with age. Conversely, some authors have reported no differ-
ence in either the outcome or the rate of complications
between the elderly population and the younger population
[20,22]. Thus, the effect of age or medical comorbidities on
the complications of lumbar fusion remains unclear. In this
study, age, the operative time, the amount of blood loss, the
number of fusion levels and the number of medical comor-
bidities were found to be unrelated to the development of
early complications in either of the study groups.
Wide decompression and fusion may be accompanied by
substantial complications such as postoperative blood loss,
a prolong operation time and postoperative infection. Fur-
ther, long segment fusion and abundant blood loss may
increase the incidences of complications. In this study, to
reduce the rates of these complications, we performed seg-
mental decompression of the neural structures that were
mechanically compressed by the degenerative tissues. Dur-
ing this procedure, the mid-1/3 lamina was always pre-
served in the segmental decompression group because
severe compression of the dural sac was not observed in this
area. The early complication rates of groups 1 and 2 were
similar at 13% (6/45) and 19% (8/42), respectively. Howev-
er, the operating time and amount of blood loss were greater
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Table 5. Fusion rate during follow-up assessments 
Group 1 Group 2 p-value
Posterior fusion
No. at 1 yr postoperatively (%) 36 (80) 33 (79) 0.9200
No. at 2 yr postoperatively (%) 39 (87) 35 (83) 0.8927
There were no significant differences between the groups, as
calculated using the χ
2 test.in group 2 than that in group 1. In addition, the complaint of
a palpable spinous process in the upper instrumented spinal
level was found to be characteristic of wide decompression.
The rates of complaints about a palpable spinous process in
the upper instrumented spinal level were 0% (0/45) in group
1 and 29% (12/42) in group 2, which suggests that segmen-
tal decompression provides better cosmesis than wide
decompression.  
Some potential limitation of this study should be consid-
ered. The number of patients included was relatively small
and the period of follow-up was relatively short. This study
evaluated the patients’low back and leg pain together,
although the patients with foraminal stenosis can have dif-
ferent pain intensities in the low back and leg pain. This
point is one of the drawbacks in this study. Studies with a
larger number of patients and a longer follow-up period
should be performed in order to determine the utility of seg-
mental decompression and fusion in patients with multilevel
lumbar foraminal stenosis.
Conclusions
We found that segmental decompression, when applied
with posterior instrumented fusion, offers promising and
reproducible clinical/radiological results in patients who are
suffering from multilevel foraminal stenosis. Moreover,
despite performing segmental decompression, no bone
regrowth sufficient to cause recurrent stenosis was
observed, which we attribute to the stabilization of the
spinal column. 
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